Introduction
COPD is a very heterogeneous disease and, although all patients present with chronic non-fully reversible airflow limitations, the clinical presentation and prognosis may differ. 1 In recent years, clinical phenotypes have been proposed to better classify patients with similar features, and particularly with a similar response to existing therapies. 2, 3 Among the phenotypes of COPD, the asthma-COPD overlap syndrome (ACOS), which shares some features with those of asthma, has attracted the most attention and research. 4, 5 Compared to other COPD individuals, patients with this phenotype have an increased reversibility of airflow obstruction and, more importantly, a higher degree of eosinophilic bronchial inflammation, which may imply better response to therapy with inhaled corticosteroids (ICS). [6] [7] [8] With that purpose, some national guidelines have recognized this phenotype and have proposed criteria for its identification. In Spain, a group of experts proposed diagnostic criteria in a consensus document, 9 and these were subsequently included in the Spanish guidelines of COPD (GesEPOC) for the diagnosis of ACOS. 10 The latest Czech Republic guidelines 11 and the Finnish guidelines 12 also included the ACOS with their own diagnostic criteria, and they were basically a modification of the previous Spanish guidelines.
However, the criteria proposed in these guidelines are quite restrictive and some of the variables included are not readily available in daily clinical practice in every center. Moreover, these criteria are based on expert opinion and have not been formally validated; therefore, recognition of ACOS patients might be difficult despite guideline recommendations. 13 It has been suggested that the main feature of ACOS in COPD is a previous diagnosis of asthma before the age of 40 years, which has been used as a diagnostic criterion of ACOS in large epidemiologic studies, such as the COPDGene 14 or EPI-SCAN, 15 although this has not been validated either.
In an attempt to compare the characteristics of patients with ACOS with the remaining COPD patients, and particularly to compare ACOS identified solely on the basis of previous diagnosis of asthma before the age of 40 years with ACOS diagnosed by the more restrictive criteria of the Spanish consensus, we analyzed the data of a large cohort of COPD patients from both primary care and specialized centers. The hypothesis was that ACOS patients with a previous diagnosis of asthma before the age of 40 years do not differ from those diagnosed with ACOS according to more restrictive criteria and, thus, the history of asthma before the age of 40 years could be used to identify patients likely to have ACOS from a COPD population.
Methods

study design
We performed a multicenter, observational, cross-sectional study aimed at describing the prevalence and main characteristics of the clinical phenotypes of COPD. 16 We compared the characteristics of patients diagnosed with ACOS based on a previous diagnosis of asthma with the remaining COPD patients. In a further analysis, we compared the characteristics of ACOS patients diagnosed according to the diagnostic criteria of GesEPOC with the remaining ACOS individuals diagnosed solely on the basis of a previous diagnosis of asthma.
Patients
The inclusion criteria were: patients $40 years of age diagnosed with COPD in medical records; smokers or exsmokers of at least 10 pack-years; and a postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity ratio less than 0.7. COPD diagnostic spirometry was performed at inclusion or during the previous 12 months. The exclusion criteria were: the presence of another severe chronic respiratory disease (cystic fibrosis, pulmonary fibrosis, active neoplasm); and the inability to read or understand the questionnaires used in the study.
COPD patients reporting a previous diagnosis of asthma before the age of 40 years were included in the ACOS group. Subsequently, ACOS patients were subdivided into two subgroups. ACOS 1: patients that fulfilled the ACOS diagnostic criteria of the Spanish consensus. 9 These criteria were: 1) major criteria: very positive bronchodilator test (improvement in FEV 1 .400 mL and .15%); sputum eosinophilia or a previous diagnosis of asthma before the age of 40 years. 2) Minor criteria: increased total serum immunoglobulin (Ig)E; and previous history of atopy or a positive bronchodilator test (.200 mL and .12% in FEV 1 ) on at least two occasions. To be included in this subgroup, a patient had to fulfill two major, or one major and two minor criteria. ACOS 2: the remaining patients with ACOS, diagnosed only on the basis of a history of asthma before the age of 40 years, but not fulfilling the diagnostic criteria of the Spanish consensus.
The study was approved by the Committee of Ethics and Clinical Investigation of the Hospital Clínic of Barcelona (number 2012/7962), and all the patients included provided written informed consent to participate in the study.
Variables
Each investigator filled out a remote data capture including sociodemographic and clinical variables. Dyspnea was graded according to the Modified Medical Research Council Dyspnea Scale. 17 COPD severity was assessed by the Body Mass Index, Airflow Obstruction Dyspnea and Exacerbations (BODE) index 18 and the COPD Severity Score (COPDSS) questionnaire developed by Eisner et al 19 and translated and validated into Spanish. 20 Comorbidities were analyzed using the Charlson et al index, 21 and the level of physical activity by self-reported average daily time walked in the previous week, as in previous studies. 22, 23 Quality of life was assessed with the generic EuroQoL-5 dimensions (EQ-5D) and the specific COPD Assessment Test (CAT). The EQ-5D is a generic quality of life 
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Diagnostic criteria for aCOs questionnaire consisting of two parts: the first part is a five-dimension health status description, the scores of which are grouped into an overall index ranging from 0 (worst possible health state) to 1 (perfect health); the second part is a visual analog scale of 10 cm, in which the patients indicate their health from 0 (the worst possible) to 100 (the best possible). 24 The CAT is a brief specific questionnaire designed to quantify the impact of COPD on the health status of the patient. It is based on eight items that are scored from 0 to 5, with a total score of between 0 and 40, in which a higher score indicates a greater impact of the disease on the patient. 25 Psychological status was assessed using the Hospital Anxiety and Depression Scale (HADS), which has been validated to identify anxiety and depression cases in patients with chronic diseases. This questionnaire contains seven items for depression (depression subscale, or HAD-D) and seven for anxiety (anxiety subscale, or HAD-A). The score for each subscale ranges from 0 to 21. A score from 0 to 7 indicates no anxiety or depression, while a score of between 8 and 10 is suggestive of the presence of a mood disorder, and a score of 11 or higher is indicative of the likely presence of anxiety or depression. 26 Exacerbations in the previous year were obtained from medical records and the clinical interview with the patient at the inclusion visit. They were defined as episodes of an increase in respiratory symptoms that required treatment with either systemic corticosteroids, antibiotics, or both, or that required emergency visits or hospital admission.
statistical analysis
A descriptive analysis of the sociodemographic characteristics of the whole population with COPD was made. First, a descriptive and comparative analysis of the ACOS and non-ACOS groups was performed, followed by a descriptive and comparative analysis of the ACOS patients divided into two subgroups according to the different diagnostic criteria used. Comparison of qualitative variables was performed using χ 2 tests, and quantitative variables by Student's t-test if they had a normal distribution, or the Mann-Whitney U-test if the variables did not follow a normal distribution.
Comparisons among the scores of the CAT, EQ-5D, HADS, and COPDSS scales between ACOS 1 and 2 were evaluated by linear regression models and logistic regression models adjusted by FEV 1 (%) and the number of exacerbations in the previous year. All statistical analyses were performed using the SAS ® statistical software system version 9.3 (SAS Institute Inc., Cary, NC, USA); values were considered significant with a bilateral P,0.05.
Results
Patient population
A total of 3,125 patients were recruited -1,974 (63.1%) from primary care and 1,151 (36.9%) from the pneumology department. The mean age of the population was 66.9 years (standard error of the mean [SEM]: 0.2); 82.4% were male and the mean FEV 1 (%) was 53% (SEM: 0.3%). The mean number of exacerbations during the previous year was 1.8 (SEM: 0.3) and the mean BODEx score was 2.9 (SEM: 0.04).
A total of 496 (15.9%) patients with COPD and a previous history of asthma before the age of 40 years were included in the ACOS group. Of these patients, 158 (31.8% of the ACOS group and 3.6% of the total COPD population) were included in the ACOS 1 group, while the remaining 338 (68.2% of ACOS) made up the ACOS 2 group (Figure 1 ).
Comparison between aCOs and nonaCOs patients
Patients with ACOS were younger and more frequently female than the remaining COPD patients. They smoked less and had better lung function, although no differences were observed regarding symptoms. The BODEx index was lower in patients with ACOS (Table 1 ). 
Dovepress
Patients with ACOS more frequently presented with a positive and very positive bronchodilator test, more peripheral eosinophilia, a higher total IgE, and more exacerbations and hospitalizations compared to the remaining COPD patients. In contrast, they less frequently had clinical or radiological signs of emphysema.
The scores obtained with the Health-Related Quality of Life (HRQL) questionnaires were similar in both groups, but patients with ACOS more frequently had scores $8, suggesting anxiety and depression (34.9% and 36.6% versus 27.6% and 29.2%, respectively; P=0.0011) ( Table 2) .
Comparison between the two populations of patients with aCOs
There were no significant differences in the demographic characteristics between the two groups of patients with ACOS 
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The symptoms were similar in both groups, and only dyspnea was more frequent and severe in the ACOS 1 group. The percentage of patients with peripheral or sputum eosinophilia was similar between groups. The HRQL score, the level of physical activity, and the anxiety and depression scores showed no significant differences between the two groups ( Table 4) .
Discussion
Patients with ACOS, defined as COPD with a previous diagnosis of asthma before the age of 40 years, represented 15.9% of our large cohort of patients recruited in both primary care and specialized respiratory clinics. Patients with this phenotype had different demographic and clinical characteristics compared to the remaining COPD patients, including a higher frequency of women and more frequent exacerbations, despite having lower tobacco exposure and Table 3 Baseline characteristics of patients with an ACOS 1 phenotype defined as patients with COPD fulfilling the Spanish consensus criteria for ACOS, and ACOS 2 defined as COPD with only a previous diagnosis of asthma before the age of 40 years Dovepress better lung function. They were more likely to have features of asthma, such as a positive and very positive bronchodilator test, peripheral eosinophilia, and a higher total IgE. Among the ACOS group, only one-third fulfilled the diagnostic criteria of the Spanish guidelines of COPD, but interestingly, these individuals were mostly similar to the remaining ACOS patients. Large epidemiological studies in the USA and Spain have defined ACOS as COPD individuals with a previous diagnosis of asthma before the age of 40 years, and they have described frequencies of ACOS of 13% and 17%, respectively. 14, 15 Using this criterion in our COPD patient population, 15.9% had a previous history of asthma before the age of 40 years, and they were defined as ACOS. In patients with alpha-1 antitrypsin deficiency and lung disease from the Italian and Spanish registries, the prevalence of ACOS by the same criterion was lower (8.6%), but with similar characteristics to ACOS in patients with COPD not related to alpha-1. 27 On comparing ACOS patients identified with this definition among the remaining COPD individuals, the ACOS patients are usually younger, more frequently female, with better lung function but poorer health status, more exacerbations, and they have had lower smoking exposure compared to non-ACOS patients, 14, 15, 27, 28 which is in agreement with our results. The ACOS population presented in this study was more likely to have a positive or very positive bronchodilator test, peripheral eosinophilia, or a higher total IgE; all characteristics were also presented by asthma patients and considered suggestive of ACOS. 13 However, there were no differences in the severity of respiratory symptoms and impairment in quality of life, but the severity of the disease measured by the BODEx index was milder in the ACOS group. The HADS suggested a higher prevalence of both comorbidities in the ACOS group.
There are still no universally accepted diagnostic criteria for ACOS. The recent Global Initiative for Asthma (GINA)-Global Initiative for Chronic Obstructive Lung Disease (GOLD) joint committee document defines ACOS as a syndrome characterized by persistent airflow limitation with several features usually associated with asthma and several features usually associated with COPD. To identify an ACOS patient, a physician must consider characteristics favoring a diagnosis of asthma or COPD based on the patient's clinical history, compare the number of features indicating a diagnosis of either asthma or COPD, and finally determine whether there are features of both suggesting ACOS. 29 Izquierdo-Alonso et al 30 suggested that a previous diagnosis of asthma before the age of 40 years, plus no signs of emphysema by imaging techniques, and a CO diffusion capacity greater than 80% were predicted as criteria for ACOS in COPD, and they identified 12.1% of ACOS patients in a group of 322 COPD subjects. Other guidelines such as those of the Czech Republic 11 and the Finnish 12 and Spanish guidelines of COPD 10 have defined their own diagnostic criteria for ACOS. According to the latter guidelines, to be diagnosed with ACOS, a COPD patient must fulfill some characteristics, with at least one being a very positive bronchodilator response, sputum eosinophilia, or a previous diagnosis of asthma. With these criteria, only approximately one-third of patients with a previous diagnosis of asthma before 40 years of age would be diagnosed with ACOS, representing only 3.6% of the whole population. Similar results have been observed in previous series of unselected patients with COPD; Golpe et al 31 found only 5% of patients with ACOS in a population of 499 COPD individuals, and Miravitlles et al 32 identified 6.5% of subjects with ACOS among 346 patients with COPD. These percentages are very low and clearly below the estimated incidence of ACOS according to the prevalence of asthma and COPD reflected in the GINA-GOLD document. 29 Furthermore, some of these criteria require diagnostic techniques not readily available by every practicing physician.
Since, as yet, there is no gold standard for the diagnosis of ACOS, it would be useful to demonstrate if individuals diagnosed with ACOS with the more stringent criteria defined in national guidelines have the same or similar characteristics to those individuals with ACOS identified in large epidemiological studies based on the previous diagnosis of asthma alone. If the demographic and clinical characteristics of patients diagnosed by the two sets of criteria are similar, a previous diagnosis of asthma before the age of 40 years in a patient with diagnosed COPD could be a very simple and accurate diagnostic criterion until new studies more precisely define the characteristics of ACOS and provide a gold standard for diagnosis. 13 When we compared patients fulfilling the Spanish consensus criteria with the remaining ACOS patients, there were no significant differences regarding demographic characteristics. Only FEV 1 (% predicted) was lower, and exacerbations during the previous year were more frequent in patients with ACOS according to the more restrictive criteria of the Spanish consensus. However, no other clinical differences were observed, and neither were differences in HRQL, severity indices, or anxiety and depression. These results suggest that a previous diagnosis of asthma before the age of 40 years by itself may be useful to identify patients with ACOS among the general COPD population. 
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Diagnostic criteria for aCOs
The GINA-GOLD document describes a very variable prevalence of ACOS ranging from 5% to 55%. 29 However, the studies with the highest prevalence are database studies that diagnose ACOS in any patient with both diagnoses (COPD and asthma) registered in the clinical records at any time, 13, 33 probably overestimating the real prevalence of ACOS. This is due to the presence of older or more severe COPD patients who are more likely to have ever been diagnosed with asthma (correctly or not) according to what was registered in their medical records at some time during their lives. 33, 34 In the search for new diagnostic tools, it has been suggested that biomarkers could help to identify ACOS patients. Along this line, increased sputum levels of neutrophil gelatinase-associated lipocalin have been described as a characteristic feature of overlap in contrast with COPD or asthma alone. 35 The presence of bronchial eosinophilic inflammation is also suggestive of ACOS and it is indicative of a better response to ICS in COPD. 36, 37 Despite being one of the major diagnostic criteria of ACOS in the Spanish consensus, 9 sputum eosinophilia is rarely available and eosinophil counts in sputum were only reported in 1% of our patients. Recent studies have suggested that blood eosinophil concentrations, which are more accessible than sputum eosinophils, could be used as a biomarker of response to treatment with oral 38 and ICS 39 in COPD. From the perspective of clinicians, the importance of ACOS is to identify a subgroup of patients with COPD with impaired HRQL and an increased risk of exacerbations despite better preserved lung function, particularly because ACOS responds better to ICS. 40 If future studies demonstrate that blood eosinophils are a reliable marker of response to ICS in COPD, interest in ACOS from a clinical point of view may be replaced by interest in "eosinophilic COPD".
Our study has some limitations. Since there is a lack of a gold standard for the diagnosis of ACOS, we cannot confirm that all the patients identified would be diagnosed with ACOS by other criteria. The sample of patients included may not be fully representative of all patients with COPD in Spain; however, we recruited a large sample of patients both in primary and secondary care with very limited exclusion criteria. Finally, women were underrepresented, but this reflects the epidemiology of COPD in Spain where approximately twothirds of COPD patients are male. 41 
Conclusion
In conclusion, patients diagnosed with ACOS in COPD on the basis of a previous diagnosis of asthma before the age of 40 years are very similar to patients diagnosed with ACOS by the more restrictive criteria proposed by the Spanish consensus. Therefore, the previous diagnosis of asthma before 40 years of age in a patient with COPD can be used as a presumptive diagnosis of ACOS. This conclusion is supported by the data, which show that globally, patients with ACOS diagnosed on the basis of a previous diagnosis of asthma in COPD have different characteristics compared with the remaining COPD patients, and that patients with ACOS diagnosed by the Spanish criteria have similar characteristics compared with the remaining ACOS patients.
